In neutalization dialysis, the rations in desalination compartment are exchanged with protons in the acid compartment across a cation-exchange membrane, the anions are exchanged with hydroxide ions in the base compartment across an anion-exchange membrane, and the salt solution is desalinated continuously. The desalination properties in neutralization dialysis was estimated by a simple index (C/J), where C is the source phase concentration and J is the flux. Tap water was desalinated by neutalization dialysis cell with three compartments and pure water was obtained at the outlet of a desalination cell with the pumping rate ofca. 100 cm mini.
Introduction
Neutralization dialysis is a continuous desalination method fast reported in 1986, [1, 2] which uses ion-exchange membranes and is based on Donnan Dialysis. [3] This method is useful in the water purification and is efficient to remove weak acids and bases such as silicate ions. [4] This method can be also used for the separation of non-electrolytes of organic solutes from ions, [1] and the potential of this method to be used in the food indus iy has been reported. [5, 6] . In the neutalization dialysis, the cation in desalination compartment (compartment D) are exchanged with protons in acid compartment (compartment A) across a cationexchange membrane and the anions are exchanged with hydroxide ions in base compartment (compartment B) across an anion-exchange membrane. Therefore, the salt solution in compartment D is desalinated continuously. In the previous paper, a simple index (C/J), where C is the source phase concentration (mol cm3) and J is the flux (mol cm2 min-1), was proposed for the estimation of the desalination properties in neutralization dialysis and the purified water was reported to be obtained just after the outlet of the cell without chtulation. [7] We have reported the desalination properties of neutralization dialysis with two two-comparmment cell, [4, 7] but we tried the desalination experiment with three-comparmment cell in this paper for the practical use. The three-compartment cell is more difficult to be constructed because of the ease of the leakage between the compartments, but its desalination efficiency is higher than that of the two two-compartment cells. We will report the permeability characteristics of the cell, the comparison with that of the two twocompartment cells, and the results of the tap water desalination by neutralization dialysis with three compartment cell. 
Analysis
A resistivity meter (Toa Denpa Ind. Co. Ltd) was placed in the line just after the outlet of the desalination compartment D to measure the specific conductivity (SC) of the desalinated water continuously. The desalinated water collected just after the outlet of the desalination cell were analyzed for major cation and dissolved silica by the following apparatus: Na+ and K+, an atomic absorption spectrophotometer (Shimadzu AA-6700F); Ca2+, Mg2+, and dissolved silica, an inductively-coupled plasma atomic emission spectrophotometer (Seiko SPS1500). 3 
Results and Discussion

Permeation characteristics
In the previous study, [7] we proposed a permeation index, C/J, which is useful to estimate the permeation cha mcteristics of the neutralization dialysis. The meaning and its derivation method were as follows. The cation flux and the proton flux have the reverse direction and the same value to each other in the cation-exchange membrane. There are analogous phenomena for some anions and hydroxide ion in the anion-exchange membrane. The flux across the cation-exchange membrane is equal to the flux in the boundary layer, and it can be wren as follows.
where Pa is a permeation constant in the boundary layer (cm miff-1), C is concentration, subscripts M,H,1, and 2 mean metal ion, proton, bulk concentration, and solution concentration at the surface of the membrane. An ion-exchange reaction occurs at the surface ofthe membrane and it is correlated to the flux as follows:
where k1 and k-1 are the rate constants (mol-1cm4min-1) of ion-exchange reaction per unit membrane area in the metal ion uptake and the splitting at the surface of the ion-exchange membrane, respectively, and subscripts 3 means the concentration in the membrane at the surface. In most of the cases except high concentration of the solution in desalination compartment; CH1<<CM1, CM3<<CH3, CH3 =Cex(ion exchange capacity ofthe membrane , mmol cm-3), andthe following Eq.3 can be obtained from Eqs. 1 and 2:
where C is used instead of CMl to simplify the discussion.
The value, C/J, can be obtained as follows. For the solution with the volume of ac•b•dt in the desalination compartment, the salt flux across the membrane can be defined as follows. Figure 2 shows the values of C/J for three-compartment cell, which are compared with the values for two two-compartment cell. In both cases, the C/Jvalue increased linearly with the reciprocal of the 0.60 power of the linear velocity. It is reported that the permeation constant is proportional to some power (from the 0.5 power to the 0.8 power) of the linear velocity at the vicinity of the boundaiy layer [8] and the correlation coefficient was the highest; when the power was 0.60. [7] The measured value of the three-compartment cell was lower than that of the two twocompartment cell, and the three-compartment cell is more effective than two two-compartment cell. In the two two-compartment cell, the solution pH was changed at the ouflet of one two-compartment cell. Data, after 10 days riming; RO, reverse osmosis (pretreatment equipment of Direct-Q water purification system, Millipore Co.); ND, neutralization dialysis with three-compartinent cell; SC, specific conductivity; each membrane area, 30 cm2: thickness of compartment D, 0.158 mm; flow rate of desalinated water, 1cm 3min-1; acid solution, 100 mmol dm3 HCl250cm3; base solution, 100 mmol dm-3 NaOH 250cm3; flow rate ofacid and base solutions, 20cm3 min-1.
Desalination of tap water
Natural water contains dissolved organic carbons (DOC) such as fulvic acid but they were not well removed by neu ialization dialysis cell. For the desalination water, the tap water should be pretiated by reverse osmosis to remove DOC, some other macromolecules, and particulate matters, which handly pemleates across ion-exchange membranes. Table 1 shows the result of desalination of tap water pretreated with reverse osmosis. Pure water was obtained at the outlet of the desalination cell. As shown in Table 1 , silicate ion was also removed as other metal ions in this method and it is one of the advantages of neutralization dialysis, because silicate ions remaining in the treated water become an important problem forthe super-pure water.
In the apparatus used in the desalination shown in Table  1 
